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Companent Group

Fuel Turbopumaa

SSME FMEA/CIL
REDUNDANCY SCREEN

Propared: D. Enrky
CEL Rem: Ba00.-14 Approvad: T. Npuyen
Companent; High Pressure Fuel Turbopum p Approval Dae: sty )
Par Humber- RS DOTEN Change g f
Failura Mode: Fragmentation of wolute Hner. DN rerclive & CCHD MEX01-5205
Page: 1al 1
Critleakby
Phasa Faluia * Effect Descriplion Hazard Refererce
ST Volate liner Tragment cavses WFY restrclion. rapid redoction. in fuel flove; LOX-rich operation and engine failure, Loss of vehicle, 1
41 ME 8BTS,
Redurdaney Sereans: SINGLE PCINT FAILURE  M#A WE-BTI,
ME-BTA C
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SSME FMEA/CIL

DESIGN
Component Group: Fual Turbapumps Freparad: D. Eady
CIL Nern: B0 - 14 Approved: T. Hguven
Component; High Prassure Fue| Turbapump Appreval Tk Liraly: ]
Fart Numbar: RE0DTS01 Changas ¥: 1
Failure Mode: Fragmentation of wolute liner. DiracHyve CCED MEY-01-5206

Fage: 1o 1

Oeclgn / Cocument Refaranca

FAILURE CAUSE:  A:Valute kner sheel molal faifure.

THE FUMP DISCHARGE VOLUTE SECTION OF THE MAIN HOUSING (1] IS THE STRUCTURAL MEMEER THAT CARRIES THE HIGH FRESSURE PUMP DISCHARGE PRESSURE LOAD,
CISCHARGE OF HIGH-PRESSURE LIOUID HYDROGEN FROM THE VOLUTE SUPPLIES SOOLANT TO THE MAIN COMEUSTION CHAMBER, MAIN MOZZLE, AMD FUEL TO THE
PREBURNERS. THE WWGLUTE LINER (2] b5 A WELDMENT GOF 12 DETAILS ManUFACTURED UTILIM MG INCIHEL 718 SHEET METAL INCOHEL 718 WAS SELECTED FOR ITS STREMGTH,
RESISTANCE T CORROSION AND STRESE CORROSICH CRACKING, AND 13 RESIZTANT TO HYDROGEN EMBRTTLEMENT AT CRYCGEMNIC TEMPERATIIRES (3. THE MATERIAL IS
SOLUTHIN TREATED AND AGE-HARDENED  THE FLOWY FASSAGES ARF HYNROD Y MAMICALLY SHAPED FOR CONSTANT ANGULAR FACMENTUM TO MINIMIZE DIFFUSION LOSSES.
WENT HOLES IN THE LINER ECQUALIZE PRESSURE DN BOTH SIDES OF THE LINER, BINIMIZING YOLUTE LIMER PHESSURE LOADS. THE SHEET METAL COMPOMENTS OF THE wOLUTE
LINER ARE FUSION-WELDED AND FLUSHFED TO MINIMIZE FLOW DISTORTION. THE wOLUTE LIMER MEETS SEIHIGH AMD LEWY CYCLE FATIGUE LIFE REQUIREMENT S 14). THE LINER
AN FACTORS OF SAFETY MEET CE| REQUIREMENTS (5). THE LINER PARENT MaTEHIAL WAS CLEARED FOR FRACTURE MECHANIDSNOE FLAW GROMWTH SINCEITIS HOT A
FRACTURE CRITICAL PART (G}, THE FMEACIL WELDS ARE CLEARED FOR FRAGTLRE MECHANIGS/NDE FLAW GROWTH BY THE WELD ASIESSMENT (7), TABLEEZ001|5TS ALL
FWEAMGIL WELDS AMD IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL INITIAL FLAW 51ZE 13 HOT DETECTABLE AND THOSE WELDS M WHICH THE ROCT SIDE IS NOT
ACCESZIBLE FOR INZPECTION. THOSE WELDS IN WHICH THE CRITICAL INITIAL FEAW SIZE |5 NGT DETECTABLE ARE ACCEPTAELE FOR FLIGHT BY RISK ASSESSMENT (7). THE
HCUSING IS PRGOF PRESSURE TESTED TO VERIFY ITE STRUCTURAL INTEGRITY (B). THE HOUSING HAS BEEN DESICH VERIEKCATION TESTED FOR STRESS SAFETY FACTORS. Lonay
CYCLE FATIGUE LIFE, AND CEFLECTION {%). REUSE CF PARTS DURING OVERHAUL (5 COWTROLLED BY THE REGUIREMENTS OF THE COVERHALL SPECIFICATION (14},

(1; RECIPG7T, 5007568 (2) RE007674; (3} RSS-850¢-10 {4] RLOQSS2. CPIZORUOIR; (81 RSS-546-16. CPI2ORDDIIR: 6) MASA TASK 117, {7} RES-H756: (8] RLOODZ: (3) RE5-404-
25, {10) RLODS2S
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Cemponent Group:
CH tem:
Componenl:

Farl Number;
Failure Mode;

Fuel Turkopumps

B2e0-14

High Presaurs Fual Turbapump
REGD7FS01

Fragmentalion of volute liner,

SSME FMEA(ICIL
INSPECTION AND TEST

Preparad:
Approved:

Appraval Date:

Change #:
Directve #

Pape:

D. Early

T.Nguyan

4r2ikoa

1

GCDO MEX-01-5206

lof 1

Fallure Causes

Sigrikeant Characteristics

Inspecthon(sh | Testis)

Cocerment Rakerenos

VOLUTE LIMER
MATERIAL INTEGRFT Y

HEAT TREAT
WELD IMTEGRITY

ASSEMELY INTEGRITY

CLEANLINESE OF
COMPONENTS

HPFTP
ASSEMBLY INTEGRITY

MATERIAL INTEGAITY IS VERIFIED PER SPECIFICATION REQUIREMENTS.

THE VOLUTE LINER DETAIL PARTS ARE FENETRANT \INSFECTED PER SFECIFICATION
REQUIREMENTS.

THE HOUSING 15 FROOF PRESSURE TESTED PER SPESIFICATION REQUIREMENTS.
HOUSING HEAT TREAT |15 VERIFIED PER SPECIFICATION REQUIREMENTS,

ALL WELDS ARE IMEPECTED TO DRAWING AND SPECIFICATICN REQUIREMENTS PER WELD
CLASS, INSPECTIONS INCLUAE: WISUAL, DIMENSIONAL, PENETRANT, RADICCRAPHIC,
LLTRASOHIC AND FILLER MATERIAL, AS APPLICAELE

THE WYOLUTE LINER SHAPE, CONTOUR, AND SURFACE FINISH ARE INSPECTED PER CRAWING
AEDLIRERNENTS.

COMPOMENTS ARE VERIFIED CLEANED PER SPECIFICATION RECUIREMENTS,

THE PUMP SUBASSEMBLIE S ARE INSPECTED DURING OWERHAUL PER SPECIFICATION
REQUIREMENTS. INSPECTIONS INCLUDE: VISUWAL, DIMENSONAL. FENETRANT, AND
REFLAGEMENT OF USAGE ITEMS A3 AFPLICABLE, PER OVERHAUL CLASSIEICATION

THE WOLLUTE LINER 15 BORESCOPE MEFESTED AT EACH TURBOPUMP REMCHAL OF: PER .
TIME/SYCLE RECQIUIREMENTS,

THEWVOLUTE LIKER: |5 PENETRANT INSPECTED FER TIMESYCLE REQUIREMENTS.

OPERATION/PERFORMAMNCE IS VERIFIED BY EMGINE HOT FIRE TESTING AND 2HD E & M TESTS OM

INSFELTIONS, |

DATA FROM PREVIQUS FLIGHT OR HOT FIRE 15 REVIEWED FOR PROPER TURBOPUNME
DPERATICNPERFORMANCE. ILAST TEST)

RSOI76TA
REAI170-154
RAJY11E-118

FLO002I
RACG11-020

RL100

RAMGOr-Dbd
RADT 15115
RAN1 15-006
RA1 115001
RADITS5-127

REMTE
R500736E

RL10001

RSDOTEDT

ALOas2g
RADMIZ-116

OMRED W1BIN.OED
CMRSD CODBAD. 015

RAg115-116
RLMOGED-04
OMRSD WM1BLE.CRO
OMRS0 CoopADCrS

RLMGK50-04
RLOOE 606
L3507
RLD04E 1

MEFC PLN 1228
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S P repared: - [\ Early

CIL B2 B203-1d Approved: T. Hguyen
Cormponant: High Pressura Fuel Turhapumnp Approval Dale: Ai1/EG
Part Numhber: RE007501 Chanpge #: 1
Failure Mrrdde: Fragmematian of valute llner. Directlve 3; CCBD ME3-01-5308
_ Pagn: 2af 2
Fallu'a (asea Zignlficarnt Charactaristhes Inspeclicrfs) [ Teal(s Dacumant Referenee

Fail_re Hiziory: Cornprefu 15 va failure histary data is rreaintarned in the Prablam Reporting datatase (FRAMSIPRLCA)
Refererce: HASA lailar SA21/895304 and Rocketdyne letlar BRRCOSTEY
Qcersionat Use:  Mak Appticahle.
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i



